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Taking these shortcomings into account, we have obtained new antioxidants of the sterically hindered phenol type, containing azomethine and amine groups based on 4-hydroxy-3,5-di-tert-butylbenzaldehyde and melamine, which have the general formula:
In the synthesised azomethinephenylmelamine compounds (triphenol, bisphenol, and monophenol) there are potential reactive centres, each of which can take part in radical processes. In particular, the inhibiting power of the compounds obtained may be due to the effect of conjugation of the -CH=N bonds, i.e. the p-electrons of such systems are capable, on excitation, to transfer to higher energetic levels, which may effectively accept free radicals. The acceptance of free radicals using -CH=N bonds will increase especially at high temperatures [6] .
The next reactive centre of the azomethinephenylmelamine antioxidants that is capable of inhibiting radical processes is the amine group. The mechanism of its action consists in the detachment of hydrogen from the amine group, with which the radical formed is stabilised by its conjugation with p-electrons of the aromatic nucleus [7] :
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The third reactive centre of the azomethinephenylmelamine compounds is the hydroxyl group, at which, readily breaking away, the hydrogen atom saturates the radicals formed during degradation of the polymers, with the formation of new radicals stabilised by p-electrons of the aromatic ring [8] :
Owing to the given reactive centres, the azomethinephenylmelamine antioxidants obtained by us may be promising thermo-oxidative degradation inhibitors for polymers, and in particular polyolefins.
To confirm the conclusion drawn, we investigated the thermal stability of a 276-grade HDPE melt and of HDPE + triphenol, HDPE + bisphenol, and HDPE + monophenol composites. The antioxidants obtained were introduced into the HDPE by its dispersion in a melt at the compounding stage, and the content of antioxidants was varied in the range 0.05-0.2 wt%.
The thermal stability of melts of the initial specimen and of stabilised specimens was assessed from the change in values of the melt flow index (MFI) as a function of the duration of heat ageing at a temperature of 190°C. It is well known that the MFI reacts keenly to the processes (degradation, structure formation) occurring in polymer melts [9] . In this case the period of thermal stability of the polymer melt is determined by deviation of the MFI from its original value during heat ageing by ±15% or more:
where MFI initial is the initial value and MFI actual is the actual value.
The condition E h.a > 0 corresponds to degradative processes, and E h.a < 0 to structure formation processes. The results of investigations, given in Table 1 , show a fairly high stabilising effect of the antioxidants obtained when introduced into HDPE in a quantity of 0.15 wt%.
Here, polymer specimens containing the azomethinephenylmelamine antioxidants obtained by us retain their initial MFI values for a long period of time. In turn, an unstabilised polymer and specimens containing melamine degrade after 5 min holding in the channel of an IIRT instrument.
The effectiveness of the stabilising properties of the synthesised substances is also confirmed by the results of testing the thermal stability of the melt by repeated processing from the melt of unstabilised and stabilised specimens based on HDPE.
Testing of the effectiveness of triphenol, bisphenol, and monophenol as "processing stabilisers", which can be assessed from the change in MFI values during repeated processing from the melt, was conducted on a single-screw extruder. The results of the investigations are given in Table 2 . Analysis of the data in Table 2 indicates that, in the given characteristic, triphenol, bisphenol, and monophenol are fairly effective at a content of over 0.15 wt%. HDPE specimens containing the stabilisers obtained by us withstand triple processing, whereas the initial polymer and specimens with melamine, after single processing, undergo structure formation (they evidently undergo crosslinking). Consequently, the given additives are fairly effective processing stabilisers and are even superior to industrial stabiliser Irganox-1010.
An accelerated and informative method that makes it possible to conduct a comparative assessment of the thermal properties of stabilised and unstabilised polymers is thermogravimetric analysis (TGA) under non-isothermal conditions [10] . The thermal characteristics of HDPE and its composites (HDPE + azomethinephenylmelamine antioxidants) were assessed at the temperatures of 2, 5, 10, and 50% weight loss in air, determined using a Q-1500 derivatograph (MOM, Hungary). Comparative TGA data are given in Table 3 .
Comparative analysis of the thermal properties of initial HDPE and of HDPE + azomethinephenylmelamine antioxidants showed the effectiveness of the compounds obtained by us as inhibitors of the thermo-oxidative degradation of HDPE. In practice, an increase in the thermal properties of HDPE is observed up to a content of 0.2% azomethinephenylmelamine antioxidants. In turn, this makes it possible to speak of azomethinephenylmelamine antioxidants as being fairly effective inhibitors of thermo-oxidative degradation. This follows from a comparison of the rates of weight loss of specimens in the table, where decrease in weight for unstabilised HDPE occurs at a greater rate and at lower temperatures than for stabilised specimens.
coNcluSIoNS Thus, the results obtained make it possible to draw the following conclusions:
• New stabilisers based on melamine and 4-hydroxy-3,4-di-tert-butylbenzaldehyde have been produced; they effectively inhibit the thermo-oxidative degradation of HDPE. • It has been shown that the addition of azomethinephenylmelamine antioxidants to HDPE in a quantity of up to 0.15 wt% leads to an increase in the resistance of polymers to thermo-oxidative degradation at high temperatures. HDPE specimens containing 0.15 wt% azomethinephenylmelamine antioxidants withstand triple extrusion, and the induction period is 1.5 times longer under conditions of heat ageing at 190°C in air by comparison with the initial and industrial specimens, and also the temperature of 2% weight loss is 40-60°C higher than for the unstabilised specimen.
• It has been found that the most effective inhibitors of thermo-oxidative degradation is triphenol, the optimum content of which amounts to 0.15%.
